November 15, 1996

MEMORANDLUM

1T0: Qrville D. Green, Assistant Administrator
Air & Hazardous Waste

FROM: Martin Bauer, Chie
Air Quality Pernlittihg Bureau

SUBJECT: Issuance of Tier 11 Operating Permit #083-00063
Northwest Foam Products, Incorporated; Twin Falls

The purpose of this memorandum is to satisfy the requirements of IDAPA
16.01.01 Sections 400 through 406 (
Pollution in.Idaho) for issuing Operating Permits.

FACILITY DESCRIPTION

Norithwest Foam Products {Northwest Foam) produces expanded polystyrene
(EP3) bead products such as block foam insulation, packaging materials,
and architectural materials. The processes utilized in the production
of these foam products include bead pre-expansion, drying, prepuff
aging, block molding, aging, and product aging. Emissions from the
production of EPS products are primarily volatile organic compounds

{(VOCs}
PROJECT DESCRIPTION

This project involves the issuance of a Tier II Operating Permit {0OP)
that limits the potential to emit of volatile corganic compounds (VOCs)
from Northwest Foam Product’s Twin Falls, Idaho, facility.

SUMMARY QOF EVENTIS

DEQ received Northwest Foam’s Tier II OP application on December 22,
1895, On June 30, 1996, DEQ deemed Northwest Foam's application

complete.

On September 17, 1996, a proposed Tier Il permit was issued for public
comment. The public comment period was from Octeober 1, 1996, through
October 31, 18896. No comments were received.

RECOMMENDATIONS

Based on the review of the Tier II OP application materials and of
applicable state and federal rules and regulations concerning the
permitting of air pollution sources, the Bureau recommends Northwest
Foam Products, Inc., Twin Falls, be issued a Tier II OP. Staff members
also recommend that the facility be notified in writing of the
obligation to pay permit application fees for the Tier II CP.
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August 30, 1996

MMGRANDUM
$0: Martin Bauer, Chief
Air Quality Permitting Bureau
Air & Hazardous Waste
PROM: Almer B. Casile, Air Quality Enqineer*ﬁ

Air Quality Permitting Buresau
Operating Permits

THROUGE : Susan J. Richards, Air Quality Permits Manager
Air Quality Permitting Bureau
Operating Permits

SUBJECT: Technical Analysis for Proposed Tier I1 Operating Permit #083-00063
Morthwest Foam Products, Incorporated; Twin Falls

FURPQSE

The purpcse of this memorandum is to sat;sfy the requzrements of IDAPA 16.01.01
Sections 400 through 406 {(Rules ' _ A, . ] iahg) for issuing
Operating Permits.

FACILALX DRICRIPIION

Northwest Foam Products (Northwest Foam) produces expanded polystyrene (EPS} bead
products such as block {foam insulation, packaging materials, and architectural
materials. The procegses utilized in the production of these foam products include
bead pre-expansion, drying, prepuff aging, block molding, aging, and product aging.
Emissions from the production of EPS products are primarily velatile organic compounds
(VOCs) . Please note that for this Permit the raw beads are considered the emission

wnit.

This project lnvolves the issuance of a Tier IT Operating Permit {OF) that limits the
potential to eamit of wvolatile organic compounds {VOCs) from Northwest Feoam’s Twin

Falls, TIdahe, facility.

DEG received Northwest Foam’s Tier II OF application on Decamber 22, 15%5, and deemed
the application incomplete on January 19, 1996. On February 26, 19%6, DEQ received
Northwest Foam’s February 22, 1996, request for an extension to respond to DEQ's
incompleteness letter. On February 27, 1996, DEQ received Northwest TFoam’s response
to DEQ's incompleteness letter. DEQ determined the response to be incomplete on March
27, L1994, on April 17, 1996, Northwest Foam faxed DEQ an analysis of actual and
petential emissions in order to prove that Northwest Foam was not a major facility.
Also on that day, John M¥reedy of Jim Jones & Associates, representing Northwest Foam,
requested a copy of the calculations DEQ used to determine that Northwest Foam was a
major facility. On April 18, 1996, DEQ officials met with Northwest Foam and its
attorney to discuss registration fees and permitiing issues. On April 22, 1996, DEQ
sent Northwest Foam a letter of notice stating that their application was incomplete,
and that a Tier I OF may be due.

On May 1, 1996, DEQ received Northwest Foam’s April 30, 1§96, response to one of the
items on the DEQ's March 27, 1986, incompleteness letter., On May 2, 18%6, the Office
of the Attorney General sent Northwest Foam a cover letier and consent order for
signature. The cover letter also reguested information regarding an egquation
referenced in Northwest Foam’s letter dated April 30, 19%6. On Mav 16, 1996, DEQ
received the redquested information from the Office of the Attorney General. On May 23,
1996, DEQ requested that Northwest foam submitf requested short- and long-tarm emigsions
and the accompanying compliance procedures nesded to assure compilance with the
requasted amission limits., On May 31, 1996, DEQ received the requestad information.
On June 30, 1996, DEQ deemed Northwest Feam’s application complete.

RESCUSSION
1. Area Classification

The facility is located in Twin Falls, Idahe, which is clasgified as attainment
or unclassifiable for all criteria poliutants.
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An emission estimate for the facility was performed on the boiler and EPS
manufacturing process. Estimates were performed only for wvelatile organic
compounds (VOCs) because the facility is major only for VOCs. Initial estimates
for the 5.021 million BTU per hour beiler [(see Appendix A) showed that annual VOC
emissions were negligible {i.e., less than 2 tonsg). Estimates of VOC emissions
from the manufacturing process are given in Appendix A. Please note that this
VvOC analysis is based on the pentane content of the raw bead. Pentane is the
blowing agent currentiy used in the raw Dbead, No emission estimates were
performed for a blowing agent considered as a toxic air pollutant {TAP). The
introduction of a TAP blowing agent, or blowing agent partiaily made up of a TAF
could be considered a modification under Section 200 of the Rules.

Originally, DEQ had concerns that Northwest Foam was major for mathylené diphenyl

‘diisocyanate (MDI}. However, a review of calculations and supporting information

submitted by Northwest Foam demonsirated that the facility was minor for MDI.
The calculations submitted by the facility vary somewhat from the eguations given
in the Robert W. Powell documentation that was submitted to DEQ. The differences
in the values are significant. However, the final numbers for bhoth equations are
well below the major facility applicability threshold. These caleulations can

be found in Appendix A.

VOC emission rate limits in the Permit are based on the assumptions that the
average pentane {(i.e., VOC} content, in percent by weight, left in the molded
product after 48 hours is 15% of the original content and that the pentane
content in the EPS beads would be the wvalue given in the bead supplier’s
caeprtificate of analysis {CA). The 13% retention was taken from the OARPS
document. Control of VOC Emissions From Polystyrene Foam Manufacturing submitted
as part of the application. It was alsc assumed that the percent by weight VOC
content would not vary after 48 hrs., All calculations were based on these
assumptions. Please note those EPS heads used in the process are considered the
emigsion units in this process. This assumption was made because emissions are
from the beads and not the process squipment,

Northwest requested a short-term emissicn rate limit of 13 tons VOC per month,
and a long-term emission rate limit of %0 tons VOC per 12 month period. Basged
on the 15% retention mentioned above, shert- and long-term operating recquirements
were determined. These requirements were determined as follows:

From Northwest Foam’s May 30, 19%6, request to limit their potential to
emit of VOCs te 90 tons per year and given the 15% retention mentioned
above, a total VOC content (105.9 tonsg per year) in the annual and monthly
amount, respectively, of EPS beads was determined. The wvalue, the
operating requirenent {OR), was determined as follows:

OR = BRL * {(1-G.13)
= 108.9% tons per year
= 15.3 tons per month

where, OR = tetal VOC content in the annual and
monthly amount of EPS beads used
ERL = requasted annual emission rate limit
{30 tons VOC per year, 13 tons VOC
per month

{1-0,15}= decimal percent of VOC in beads
released to the atmosphere

Based on pentane content given in the CA, compliance with the short- and long-
term cperating requirements can be determined as follows:

VOC,a0n = Mepe * IVOCy, where

VO, = pounds (lbs.! of VOC contained in the pounds of EPS
used;

Meps = pounds {ibsg.} of EPS used; ]

EVOCpe = geight percent glven by CA of the supplier of the given
ead, )

and
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VOC s - ¥ (VOC, .} d VOC o + VOC,,, + . . . whers,

total pounds of VOC contained in the
peunds of EPE used for each shift
{lbg. VOC/8hift}) of the month

vOC,, - Y VOCamn = VOCuuty + VOCwmer + .+ « . where,

VOC,, & gum of VOC .., for the most recent 12
month period

#

T VOC e}

The operating requirements given in Section 2 of the OF have been included as a
surrogate té complliance with the emission rate limit. In actuality, the
operating requirement only limits the total VOC content in the EPS beads used by
the facility. To determine the estimate emiasion rate the fellowing caleulation

must be performed.

VOC Emissions = voC *{1-4.158)
whare, voo - represents either VOC,... or VOC,,,
{1~0.15) - ¥ VOC released to the atmosphere after 48
hours
Voo Emisgsions = represents either monthly or annual
emissions, depending what VOC value was
used

This calculation was not included in the Permit because the procedure can easily
be performmed by DEQ. Compliance with the operating requirements provides more
than adeguate assurance with emission rate limits in the permit as long as alil
of the monitoring and record keeping requirements are fulfilled.

raci Ly ] L ficati

Without federally enforceable permit conditions, this facility would be
considered major for VOCs, as defined in IDAPA 16.01.01.9006.5%4. The facility is
ne longer considered major, however, beacause the proposed permit limits the
facility’s potential te emit below 100 T/yr for VOCs. The facility is not a
designated facllity, as defined in IDAPA 16.01.01.006.25. facility {SI1C 3674).

Begnlalecy. Beview

This OPF iz subject te the following permitting requlations:
ARARA.16.01.01.008 Definitions;
IDARR 316.01.03.40% : Tier II Operating Permits
IDABRA.16.01.01.402 Application Procedures;
LDAER _16.01.01.403 Permit Requirements;
Ipakn 16 03 01.404 Procedure for Issuing Permits;
Ipokn 16, 03,01, 405 Conditions for Tier Il Operating Permit;
IDAPA_16. 01,631,406 Obiigation to Comply;
IPDARA L. 0L, 01. 474 Permit Application Fees for Tier II

Permits;

IDAPR_16.01.01.8625 Vigible Emissions Limitations;

The boilers were analyzed to determine if they are subject £o 40 CAR 60.40C,
Standards of Performance for Small Industrial-Commercial-~Institutional Steam-
Generating Units. In order for the boilers to be affected, they must have a
capacity greater than ten (10) MMBtu/hr. Since the capacity of the boilars is
only 5.37 MMBtu/hr, they are not subject to the NSPS regquirements.

ALRS
The abbreviated AIRS data entry sheet is located in Appendix B.

This faciiity is not a major facility as defined in IDRPA 16.01.01.008.14. Therefore,
registration and registration fees, in accordance with IDAPA 16.01.01.526 are not
applicable. Permit application fees, in accordance with IDAPA 16.01.01.470, are,
however, applicable.
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Based on the review of the Tier II OF application materials and of applicable state and
federal rules and regulations coencerning the permitting of aiy poliution sources, the
Buresau staff recommends Northwest Feam Products, Incorporated, Twin Falls, be izsued
a proposed Tier II OP. An oepportunity for public comment on the air gquality aspects
of the proposed permit shall be provided as reguired by IDAPA 16.01.01.404.01. Staff
also recommends that the facility be notified in writing of the obligation to pay
permit application fees for the Tier II OP.
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APPENDIX A



BUPPORTING CALCULATIONS

Facility Name: Northwest Foam Products, Incorporated
Address: 2390 Rostron Circle
City, State, 2ip: Twin Falls, Idaho 83301

DEQ Project Engineer: Almer B. Casile

From NW Foam’s May 30 request to limit their potential to emit to 90 tons per year and given the 15% retention

dgiven from previous submittal, a total VoC content (105.9 tons per year} in the annual amount of EPS beads was
determined, The value was determined as follows:

L{VOC, .}, . = 80 tons VOO per year * {1-0.15}
= 105.9 tons per year

[

13 tons VOC per month * {1-0.135}
15.3 tons per month

#

where, Y (voc,,.)

= total VOC content in the monthiy/annual amount of EPS beads used
90 tons per year = reguested annual emission rate limit
13 tons per month = reguested monthly emission rate limit
(1-0G.15} = decimal percent of VOC in beads release te the atmosphere
vocoach equﬁ ls 2 (VOC,m‘ .
Moo = pounds {lbs) of EPS used;

EVOCE,, == highest percent by weight VOC content given in the Certificate of
Analysis for the EPS bead used,

.10 e £ VOC content in EPS beads {assumed worst case)
] ) .

5.021*10* Btu per hour * 100 ibs No, per 10* ft* naturals gas + 950 Btu per ft* * 8760 hours per year

= 4630 1lbs No, per year
= 2.31 tons No, per year

Replacing the emission factor for No,with the VOC emission factor of 8 lbs VOC per 10° ft* naturals gas yields the
following values;

370 lbs VOC per year
0.18 tons VOC per year



IE ENVIRONMENTAL QUALITY
sUP PTING CALCULATIONS

Equation from the article Estimating Worker Exposure to Gases and Vapors and Leaking from Pumps and Valves, Robert
W. Powell:

M +10°6 «
We79.6+| —LT| e y0m, p18s o9 | 7:8%20 722301, 500, 50, 401%% = 0,375 g/s
T 294.15°K
wherse M, w5 material average molecular weight, g/g mol (250 g/g mol for MDI)
Py = liquid vapor pressure in atmospheres, atm
iy = temperature in "Kelvin, °K
u m wind speed in meter per second, m/s
r s radius of spilled liquid material in meters, m
= as given in by J. MCreedy on April 30 on behalf of NW Foam, total surface area cover in
1995 was 1,308 m?!. The equivalent radius for this surface area is
4
rx,la‘ﬁa ® ,l 1301%’“ = 20.40 m
w e

evaporation rate in grams per second, g/s

When this value is multiplied by the longest time the blocks are aged (6 weeks), the annual emission rate of MDI
ok be o deteymined. Hourly emiussion sabe can be delermined by mall iplying by the punber of scoomds por hour, 3600
sec.

The calculations are as follows:

s : G.376 grams Gweaks Tdays 86, 400seconds 1 Ib fton
Annual Emission Rate, tons per year - d * . ¥ L . -
bery sec year ! week 1 day 453, 5%grams  20001bs

which equals 1.50 tons MDI per year



\
fhe

o AP Ay

e

T oarocess

-

Estimating Worker Exposure to Gases and Vapors Leakzna from

- -

Pumps and Valves . o

- ROBERT W.¥OWELL .
Exxun Researchand Engincering Company, Florham Park, NI 07932

P

Tite industrial by gienist is frequently asked by a process design group about the requited ienfafangim’ering controi for toxie materinls in
p.r{:ctss streams. The potential kazsrd to the worker is not oniy ¢ function of the foxic materisi concentraiion in the grocess sirezmn, but alsg
the squipmens { point source} characteristics ned the process strexm pmperticﬁ-f\'at )t of these parxmeters can be evaluxted for streams and
complevprocesses stifl on the drawing bosrd. However, the hygienist can estimate worker rxposere due to potentinl ks or spills from
equinment. This paper presents 2 methad that can be used 1o estimate the concentration of & toxic mnlﬂtahwwmemmm
based upon the concentration of the materisl in the process stream, the process streans properties, and the squipment etk poremiat-The -
paper concenirates on jesks frons pumps and valves, but the method ks spplicable to leaks from other rypes of process equipment. Tre method is
slihree step process consisting of estimating the equipment leak potential ealeulating the smount of & vaporized lexking coptymisint, aad —
estimating the concentration of gas or vapor at the worker's nase via » dispersion caicuistion. For materiai etfg_t_:gt_ig_gjxm,gtn-ef-ﬂrnu
squipment. the esiculation method combines an evaparation riode] with a dispersion modei to estimate the concentration of cottaminant in
~_ the worker's brexthing zone. Qnce 2 worker exposure estimate exists, the industriai hy gienist an determine the type of enginesring contraf

required for the eg ux;)mem.

introduction

More and more [rzquently the indusceial hs gienist, environ-
menial engineer 1akes part in the ¢ngineering design resiew
During these reviews, indusiridl hygienists and
design sngineers consult on yuestivas of material toxicity,
worker exposure. and enginecring control, Evervone's goal
v a srodustive plant that will not averexpose workers 10
texie materialy and will aveid expensive and time-cons
sunung retrofits,

During the dasign review. discussions cerifed 8n focations in
the design whers toxic materials mav evolve from process
stgams. ¢. 2. pump seal, valve stems, sample points, ¢r¢, A
designer mav ask. “Mf | have X9 mvdrogen suifide in this
pump. do ! 'mzd a single or a double mechanical seal?” The

i PP i syt B iy .i-;n-u pvaﬂ’.—uqlﬁ'"\n

the maximum ground level conceniration of a cxntaminant
issuing from a stagk, In consbination with Pasguiil-Giiford
dispersion coefficients. 3 Gaussian mode! can fairly accu-
rately predict dow nwind concanirations. Howeavar concen-
tration estimates for distances fess than 30 meters are not ver
verified. Jet expansion squations have been J5EE W Eimate
the concemmratiomal HqeS at points up o 50 meers from a
high prassure leak.””’ However, these equations are applica-
ble oniv- {for vabves or flanges that have catasirophically
{ailed and emitvapor at a velocity shat is not deserided by an
sddy diffusion eguation {Pasquil-Gifferd), Caastrophic
eyuipment failures are normalily corrected immedizstely. and
hence are not usually long-tarm soorces of worker sxposure,

phath.
- g s -t = - =
ur = s et

cm::a:ion and a Thrcal‘mid Limit Vilue to anywer thiy yues-
ton. Me nesds a1 estimate of leakage and the potenuiai
concentraton of toxic mareriaby that will occur in the
worxer’s breathing zoneto compure wih the TLY, The pump
ocziion. siie. service, leak potential, erc., and the material
selulility. vapor pressure, toxitity, dispersion characteris-
UES. #te. are parameiers that assivi the decision-making pro-

cess. Howeser, not all of these parameters can be evalualed -

for zomples procavses and sireums i dosigns stifl on the
Jrawing board. Estimates of:hmf DUrEMOIErs 2r¢ NLCOSHATY.

The industrial hygienist often relies on exposure data
from similar equipment and process streams to decide of a
proposed enginesring coatrol o adequate. Although some
smbsion data are avadabie,” exposure duia from speaific

soureTs are abmost non-existent. Therefore, the indusiriad

Bygieant must osumatc worker cxposure pased on the
sywrpment snd siream informution avinfable )

O=c majer part of yn cxposurg osimation method i o
divpensicn model. Guussisa dispension mudels™ evumate
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Before a dispersion modeicansesadioniadio' workar

exposurss. the agggunt of comtaminant leaking into the
atmosphere must be estimated, This emisston rate sanes with

the type of equipment, the squipment maintenanas history.

auxiliary enginesging com‘reis, erg, A majorrepon onemiss
sions from refinery equipment is the Radian study zondudted

for the L.8. Environmental Protection Ageney.” Radian

sampled S00-600 sourcss in 14 refineries and detarmined aver-

age emission rates for ﬁangcs' comopressors. vahves, pumps,

and drains, Data from the Radian study and similas s studies™

are ysuatly collecred by bagging leaking equipment and mea-

suring the amount of collect=d gases and vapors. Unforty-

nately, the studies did not messure the amount of liquid

leakage, which can be directly related to the quaity of the

vaive packing or pumpseal Also.sincs thedata werr coliecied

for air pollution purposes, the average jeak rates 377 5{atisti-,
caily emphasized while information oo maxunem rates {of
inportance to the industrmal hygicont) is incon;':'c

Emission data are normaily collecred during squipiient

operation v.hcn :he sealing: mccham:msawxm:.cd Bur.
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ing maintenancs, whan equipment is notin scg\‘ic::and apump
or vaive is disassecPied, residual material cans evaporate and
disperse 10 the worker's breathing zone. Evaporation mod-
els are avaiizble’™ that, based on the -properties of the
‘materizl, sstizate the rate of material evaporation.

potential leak, the indusirial hygienist must decide if the
equiprment requires 2dditional engincering controls. Usu-
ally he compares the sxposure concentration with the TLV-
. . TWA. (Thresiold Limit Value - Time Weighted Average)

= This paper Sescripes mevhods of estimating.the coneentra-
T 7 TeaKing process equipmgnt, particularly pumps. Given the
congentration of a toxic material in a process stream, the
nrocess stream properties, and an estimate ofthe leak poten-
tjal of the equipment. these methods can be used to calculate
“the fraction of matsgal vaporized from liquids and the vapor
o7 gas consesiration ata Jorker location. Afltera deseription
of the sstimation methods. sxamyples are presented for pumps
and valves, the two tvpes of refinery equipment most likeiv o
leak according to the Radian survey.
If the liquid leak rate is known or estimated. the method
described in 1his paper caiculates the amount of vaporized
liquid and the concentraiion of contaminant in the vapor,

and estimates the dispersion concentration of contaminant

. downwingd of theleak. I the vapor emission rate is known or

sstirnfhied. the method calculates the concentration of cone
taminant iR e vaper, and then estimates the vapor disper-
sion. For out-of-service sguipment, the method first osti-
males the svaporation rate of the material, then the
dispersion of the vazor,

Stuffirg Bix

After the worker exposure concentration i$ estimated fora

tion of & toxi¢ material in a worker's breathing zone caused by

Opersting Pump and Valve Leakage “

Fig{m: I sitows a ceatrifugal puma single mechanicsi sez;
with a back-up throtle bushing. The area to the left {inside-
of the seal is called the stuffingbox or inner seal cavity, Tk

‘area to the right (outside) of the s2zlis called the outer sez;

cavity. Spring force and the hydraulicforce due (6TEZ pres-
sure of the pumped {uid push the rotating seal ring agains:
the stationary seal ring thereby proventing significant leak-
age past the seal surfaces. American Patrolesm Instituse
Standard 610" requires that a throude bushing be installed

and’otihe TLY-STEL {Short-Term Exposure Limis) ‘;"_ . _oulside the seal 10 help contain material that leaks past the |

seal. Many nonpetroieum pumps.io not have this throuis

" bushing. and hence material that (taks past the mnechanics.

seal is releaged diréctly 10 the atmospherss ~mmmme —

if 2 single mechanical sea} with a throttle bushing fails
catastrophicaily. pumped fluid spusss past the 3éa1 throug™
the clearance between the shaft siesve and the throttie bushs
ing, and sprays int¢ the atmosphere, To reduce the amoun:
of leakage 1¢ the atmosphere, an 2uxiliary ring of Grafoi!
packing or equivalent {Figure 2), nstead of a throttle Hush.
ing. can be instailed behind the seal, Since a smaller clear-
ance i3 possible with the Grafoil zacking compared o the
throitle bushing. the packing retsins more of the leaking
material within the pumyp outer seaf cavity, and the liquiz
flows through the quench drain.

Under normal conditions. the 23k rawe through meshan.
cal seal faces isiess than$ mb-(milliliners) per hour, HMow-
ever, pump seals can fail gradually accompanied by increas.
ing leak rates, Eventually. the seal aces may-wear unevenis
and permit liquid leak rates througn the seal to reach 46 ljters
per hour, Most of this liquid {lows into the quench drain.
Bur voiatile materiai can flash in the outer seaf cavity and
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Figure 2 ~ Cemrifugal pumyp single mechanical seal with auxiliary Grafoil packing,

escape tothe atmosphere through the gap between the throe-
tie bushing or auxiiiary packing and the shalt sleeve. w

The pump leak rate of imporniance from a worker expo-
sure siandpoint is the maximuss rate tolerated by the opera-
tor befors the pump is shur down for mainsenance. This rate
varies from plant-to-plant, operztor-to-operator, and stream-
to-strearm. |f the pump seal le2X 15 pouring out several liters
of liquid per minute onto the pump pad of surrounding area,

the pump will be immediately shut down.(particularly ifa

3pare 15 avVatlabie;. 11 LIE Evenl 4 spale pamp 15 G
and the piMnp serviee is eritical. the operator may allow the
pump 10 continue to run with a seversly icaking seai,
Maoreover, if the pump drains are closed and liquid Jeakage is
not visitife, the Bak rate couid be as high as 60 lirers per

-~ minute. This. of course, 5 an zxireme.

Unfortanately, 1he studies referenced in this paper do not
contain estimaies of higuid leak rates. Also, plant operators
agrmaliy do not measurs 3 leax rate when a seal leak prob-
lem exists. As an example, 3n unpublished survey concluded
that an estienated leak rate of 7.6 titers (2 gallons) per hour
-was not of sufficient severity or concern o require shutdown
of a pump for maintenence. Before the exposure estimation
method is used, the designer and industrial hygienist should

__choose a realistic maximum pump feak rate based on generai

plant and company €xperience. This estimatd 81 liquid leak
rate past the seal can be used to obtain 3 vapor emission rate,

Emission data normally reported are almost always vapor
leak rates, not Hiquid leak rates. Therefore. maximum vapor
feak rates will probably have 10 be used in the estimation

St duriTin Meguene Avsocraton KLBhAL [LATRENE 1)
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method in the absence of liguid leak rate data. Estimates of
average volatile smission rates from intact single pump seals
nave ranged from 6.8-114 grams (0.015-0.25 pounds) per-
hour” However. the maximum-tolerable leak rate. which is
the emission rate most likely to overexpose a worker, is

normally not defined in the literature. The Radian report

il

estimates 0.341 g $(2.7 pounds per hour) as a vapor leak ratue

for the worst § percent of the leaking pumps in light liquid
service. The designer-industrial hygenistteam must decide

chosen for pumps in hydrocarbon service as«a worst-¢ase
pump leak rate. T oo
For valves {see Figure 3), there is no estimate of ligdid

leak rate. A liquid leak is usually visibleand the leaking valve ||

is quickly removed from service or the packing is adjusted to
minimize the leak, The Radian report tabulates vapor leak
rates for valves in light and heavy liquid servics, gas; vapor
streams, and hydrogen service, The jeak rate cited {or the

worst § percent of values in light liquid service is 0.038 gmy s~

(0.3 pounds per hour} of vapor. This value is used in an

* example presented later in this paper.

. Contaminant Yaporizstion from Qperating Equipas
‘When 3 liquid comaminant Je3Ks past a'single mechanical

pump seal, the contaminan vaporized in the pump seal

cavity will discharge to the atmosphere, and may cause 8 °°

worker exposure problem. Mists or scrosols may be an .

additional problem, but auxiliary Grafoil packingorevena

-‘__’
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than a neutral pH watzr. For most pigh-strength, refinery
waters containing over 2 weight peroent HiS, the HaS remain.
ing in the water after vaporizadion{C.lis negligible compared
to the concentration prior o vaporization (). Asanexams-
ple, the maximum amount of HzS dissolved in water 41 303 K__
is 0,76 weight percent 2t atmosphsric pressure. -
For liquid hydrotarbon mixiures leaking through pump
seals. caiculating the amount and type of vaporized contam-
inants is more difficult than calculating the amount of gag-
smanating [rom a solsenl. i{.ihe mixture s pumped at 3

et :
o ; Potential Lesk
Al . A
L ; ; / {; g2
§
4 Stem
Figure 3w {ross secrion of a tvocal giobe vaive.
4 well-maintained throttie Bushing should minumize mist

emissions. Whether or not a ~apor sondenses to 3a aerosol
. betwesn the pump and the workery nose s setimporntantin
—..—ibecaicalations.inthis arigle. . ... . - ...

temperature above its bubbie point. some material will flash
as it crosses the seal faces. generating a large vapor release
Trotn the seal civity due (0 15 pressure (ncrease. Alerna-
tively, il the Hquid in the pump is Selow its bubble point,
there will be mixturg of vaper and liquid in the pump seal
cavity due to the seai leak. For this latter case. an equilibe
riumn will be established Derwesn the (w o phases inthecavity,
in this equilibrium condition. diffusion s the driving force
fer vapor leakage past ithe auxiliary pump packing, and
conseguently vapor leakage is negligible compared 10 the
vapor leakage when the leaKing liguid is flashing,

Caleuylations of vapor emussion rates {or hydrocarbon
mixtures above their bubble pomns leaking through a seal
are based on the assumption that the eperation is 4n adia-
batic flash vaporization. Alkhough seal friction {orces add
.heat o the fuid under normai sealing conditions, seai facas
lezking at rates potentialiy harmfuito workersare separated
sufficienty by the leaking ligwid 5o that seat input o the
flyid is not significant. ™

The foliowing basic sguationa for 2 Tashvaporizaten ¢ai.
culation are a mass balancs 2nd an sathaipy balanes

LEd =W (2}

S S {3}

liguid lezk rate g moi s)
vapor rate from flashed material {g mol 53
= Hguid raie from Nashed material (g mol-sj. -

[

where

in petroleum refinery proceys $LITaMs 1RS2E a1 (A0 Major

tvpes of contaminants in liquid streasss: { 1) zasesinsolution.

e.g.. H:Sin water or hydrocarbon: and (1) hght components
in hydrocarbon mixtures. A calcuiation 10 doigrmine the
amount of contaminant vagorised from an agueous or
hyvdrocarbon siream is shown in Tabie b

For gasey in solution whers the buuid e
or enlimated:

saraiz s knoun

il - Ul in

isce Tabic | fur definitianss,

Assuming that the liguid does ot Tinh. the amount of gas

" tomaminant that vaporizes from the soluiion as the ligud ™
__Y:a"i"“zhmugh the pump seal 5 nraferTnse feween he
Amount in the proceys sircam zad 155 ameunt (hat remun
dissolved in the liguid . The concentzation of gas remaining in

. theliguid s a function af temperas e 3nd 1 OiRer COMpon
... pentyinthestream, A wcil-duilred. e wolution, such as
& monoethanolamine wlution, Boidy more H,5 ia sdution

A3

= enthaipy of stream L1hd g mol)
= enthalpy of stream VK2 € Fol1

o Wikd ¢ ol

he == gnthaipy of strea

AfterVoand Ware eaizulated nviairisl-andwerroe at different
wmperaturesh the following suuanuom for cach component
Hevapor vy

zive the amount of contaminsst i 1}

Loy hn, = Wox, 4]
s, w=K 5
where 7, = mole fraction af component jin the leakiag hyuid
¥, ® mule [ruction of compeonent jin the vapor
x, = mole frachion of component § ia the hyuid
e e after flman e e e e e
K = equilibrium dninibution coctlicient

EqyuativaiSInuncquanonoisiate, and K s dependent on.
SEMEM IEMPerstuIc, prossurs, and Compunent Suncenira-
Luny As thowa n [asle |oine amount of cuntaminant

B g ey de 2oL e ion ek
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-TABLE?] ° 5
Calevintion of Emissions {Q}

1. If ihe Liquad leak rate (L)% kaown oF estimated

- Z i the vaoor leak rae (1% known or esti?feité&m’“__: -
a. for gases in acuegus solution

Q=& M £ + vapar iesk rate, weight Sasis (9.5}

b, for tQud MySrOCAraon mixiures

Quy M/ M E My + vapor mizqurs molecuiar weight (G-

s =

€. for gas miriures
Q=CE

3. for gases in soiuuon e ol -
: ; Q={C - Cal Y & = contaminant emission rate (g/'s)
<7 B £ = contaminant concentration in she process
) ) . s strmam leveight fm::mm
> €, = contamipant concentration ramammg in mg
) - : liquid aftar VEPONTAON (weight fraction).
» CRRE e LB Jiguid Jeak caim, WRiGRE D56 (. S)
b for hyorocarbon mistures
s ERVIVEY. SO - T « Vi ol fraction of the sontaninant io the
feaking vapor
o V  vagor lesk rate. mole Dasis {g mol/s)

’ M = contaminant moiscular weight (3/g mol}

[ —

migl}

estimated and V is calculated above. 15 as follows:
- Q=aVM . {6)

where M = molecular weight of the contaminant

The enthualpy balance and Equation 3 makes manual caley-

fation of the mole fractiva. y. very cumbersome lor real
sisuations. The balance iy needed since the heat of saporiza-

tion is supplied by the decrease in sensible heat of the jeaking

. material, and hence there s a decrease 0 the avstem
o temperature (rom the pump temperatyre 1o some calowdated_

rate K values.

-t .

leaving a pump in the vapor phase when Lo knowa or .trial-and-error procedures.'t’ Therefore, computer flash
calculations are necessary for practically every real situation
where muiti<omponent mixtures are common. In many
cases pseudo-componenis must be generated from distilla-
tion curves before flash calcuistions can be starsed. Again,
computer caleulations Fre a necessity. Finally, a large data :
base can include encugh equilibrium data to caleniate accu- -

If the vapor leak rate is knou n or estimated, the cquatwns
are simplified {Table b} For 2 gas in solution:

Amarir s Tusin g Mygeme desigat-on RHNNAL Myl

< Ty o N
TETR peTat UM a1 he pummrseatueTy T For ovon simpie T Q=E -~ @
binary system in which the pumped fuid temperature, pres- ’ . -
. ~ i R and for gas mixwures:
sure. and composition are kaown, 3 manual eaicglution of -~ S552= e e
the amouit of comaminant in the vipor reuwires tao major . Q=CE (@
TABLE i e
Maximum Aquecus Concantrations of Non- Hydrﬂcarbun
Contaminanty in the Liguid in a Pump Cavity with &
- Single Mechanical Sead®
Contamunant - Aqueaus Concemurstion {Weight %) “
Ammoma 156
Chianine 2.78 .
Myarogen suifrde . 085
- Carbon monuside 104
Nihc o o 17% R -
‘Assumming o fotowng saniditions. b *
T “tsmperaturs T 333 € {1309} .
s - ok tata * 7 6 ltors/hour {2 gatlons, hour} o
" workar diviance 5 1 moters T
vend speed = | maetar/ socond | e




et T

For iiquid hydroearbon mixtures:

Q= y{M: MnE {91

Jr— —

AT SRt

Dispersion of Contaminants from LesXIBF Equipment
The Gaussian model for predicting downwind concentra-

tions due to dispersion of a gas or vapor zduces to the

where ¥ must-bevalcolated via equations 2 through 37The”
emission rate, E, is assumed in the foilowing examples.

' Contsminant Evaporation from Noun-Operating Equipment
Nonr-operating equipment, yplike operating equipment pre-

pressure, [nstead of flash vaporization, evaporation is the
proccss that governs the amount of contaminant released (0

fBilowing equation wheén oniy the cenrerhine concantration
is estimated:""
T = Q1100)

= 12
ATy - t12)

Equation 12:

et Berer

Evaporation is a function of vapor pressure and wind

“thérean beused in determining the evaporation rate fmma
pool of spilled Zaqmd

’ ﬁ"i‘f Fa L we
- o

W = 79.6 (= (10§

My = material average molecular weight {g g moi)
P% = liquid vapor pressure in aimospheres
T = temperature in Kelvin —_
u = wind spesd in meters s
r = radius of spilled materialin meters
"W = evaporation rate in grams s

. where

The eate of contaminant emission rate, @, s
Qe nW
For a conservalive pstimate_assume that during mainte-
nance of out-oi-service squipment, toxic material is spilled
and dispersed to the worker's nase. if the caiculated expo-
sire concantration is above the STEL df the material. then
Jlush connections and drain canncc*zgps to 2 closed sysiem
are recommendsad 1o allow the worker 1o clean the squip-
ment properiv before masengnds, .

spc-d CIanccv"“’and Sutton'™ have developed an equation B

[‘HR

- . ay = LIgs 5T - ¥
g w012 {14}
After substitution. the final equation is:
£1060)
{18}

TN ETES
= concentration at worksr in milligrams cu-
bic meter
Q = contaminant emission rate in grams 5
x = distance between the smission source 2ad the
wotrker in meers

iiw‘:“: _wind, spesd_in meiers s

where

This mode! is suggested as a tool for estimating worker
exposure concentrations.due (o izaking equipment. Thedis-
persion coefficients oy and o  ars dpproximations to Pasquiil-
Gifford ~C™ sizbility. The squation is based an the receptor
{the worker’s nose) located directly downwind of 2 sourcs.
and close #nough to the source that ground reflection is not
imporant. These considerations resuit inan sgquatianthatis
a conservative ostimating tool. Theequationis ume-averaged
on 2 {0-minute basis.

Unpublished data coifected a1 an Exxon facility sugges:
Equation |5 predicts downwind concentrations. 2t wind
speeds of 0.5-3 meters second and disiances up (o 3 meters,

viously discussed, is usually at_ampient. (emperature and....] be following dispersion..co fliclenis..are.applicgbie.ta. .
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withini the 95 percent confidence limits of thédata. Further
mode! confirmation is now in progress at an Exxon facility.

Exarmple Calcuiation | « Hydrogen Sulfide Lnkmg froma

Pump’ Sul
Assumc.,'a p:cssunzcd”waxcx stream contains 1.5 weight

stream is approximately pH = 7 and will hold 0.2 weigat
percent HeS in solution as atmospheric pressure.

TUCETROIS weight fraction .

© €= 0.002 Weight fracuon
LT 1.6 lirers. howr
= Ligs o
Q= IC—Cal M
== e AQOES ~ G00TY L
= 007 gs =

To estimate the potential concentration at the workers no:e,
a wind speed and distance must be assumed. For conserva-
tive purposes. choose u = | m+s. For worker repairing 2
pump located near the leaking pump. a I meter d1s:ancz isa
good approximation for x:

- wmeomammsms»zhat were eglouiated-a

example, to a double mechanical seal) to prevent seal leaks -

from over-exposing workers to HsS, Tabie I shows severai
maximum aqueous concentrations for nomhydroca.rbon
Qn-—---—-..-.—
and distances assumcd‘ above. - .. S :

» .
R

- perccm«HeS—as the only major comaminant. The aquccas -‘“““Exmp!a C‘almaonzmbqwdkyd’mcarbaantuuumng

from # Pump Seal N S et
Assume 2 weight percent benzene in a stream cf tczrzlm

- -—«»»{a«rcpresemat!\ffr ;:;ghmciccﬂanmgm:mm
. m e syl Yis puTiped-at 447 kPa (65 psia) and 377 K (400°F).. .. .-

{Normally, hydrocarbon mixtures are comglex with several

“boiling range fractions that are not readily idetitifiabie——
. sompounds. Computer.programs arc.available to consoli-,

date the properties of the hvdrocarbon mixture such zhat
& pseudo-component, not muit:«fmcuon. svsacm can be as<» .
sumed,) As noted above, 2 manual or. compmzr ca!culst:on ‘_w__"_‘
is avaiiable 1o estimate the rate of moles of vapor Zeavmg
a leaking pump, V. and the fraction of benzene in that
vapor, v, il the hydrocarbon Hguid leak rate is known or
estimated. If the liquid leak rate is unknown. and idstead
E. the vapor leak rate on a weight basis, is known or esti-
mated. Equations 2 though 3 still mus: beused ta determmc
v for Equation 8, e

om0

A TS
N as

For thisexample, choose E % 0.341 g/s{2. ? pounds I} hotzr}
Equations 2 through 3 via computer program give y = 0.243

T—" SEPERLL ALY A I - mole fraction:
(9.136: 27 1y
X = 552 3 M '
- 332mg m . Qm=y = £ ®
Since 55.2mg; m'is above the STEL"® for hydrogen sulfide. . v _ _ ..
‘which is 21 mg. m’, the pump seal should be upgraded (far wherse M =78 g; g mol for benzene
% & moi for benzene, tetralin mixture
Radt - in vaner Lo
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a
g npl ‘ Qw{O’d}(ﬁE}(eﬂl)-Gaﬁgs
g é - U QN SN VU A S Eae i “"1"-.:*.;'"""'-;__':.{*‘m
T § i . b )
w g
- SOV . :
z N U S e Lt
z 56 tmmm,mm:mwm;n % ) T .
NI vasar AT Trww T guneh A - i
? EE ol % (2] wet %5 1 g
g wp g o :
% #
x .
- ; E " T i TR
. LR B "
g er . B ke % 155 wt W §
8 Fl .
Ed -
kA = .
iorr z
a : i ———
i z Napiehalat
i 10 b z [ Do "
- ) .- S
b3 - . *
' } fd A : S o
n A r ] e bt -
o S N 45 T (s 450 . E R g e e R e :sy 5 . .
- T rumMe_TEMPEAATURE K} L - EOLYENT WOLIGIAAN nl‘cm LML) - -

Figure 5 — Tha etfoct of tompuerature onbe maxmum ccncan—
tration af benzena in tetrabnin a ceardfugol pymp.
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pumping gressure. lemperature, and soivent on the maxi.

f
179 . L e
B l- mum hyvdrocarbon midture concentration of benzepe,
68 S ) o
o~ e -—Example Calcuiation 3—GasMixtura Leaking frorn 2 Vatve-
& » : . TE LEal v
3 Assume a4 weight percent ammonia in airogen stream is
: £ wr leaking from avalve and thevalve feak increases 10 0.038 g s
3 - {0.1 pounds per hour} before the valve is shut down for
4 % v20 repsir, The amount of ammonia leaking from the vabve
g under the worst conditions 1s;
wm;}p Rpe—— Wt 4 e mmuma L - : —
§ 100 e — Q=CE : 191
[T N -
3 - Q = 1.0IM0LIK g i
- % - / ¢ ’;‘
5 b E] t}jﬂ!}is e N
E ol -
¥ 0.4 i u = | meter s, and X/ 2 meters: ’
g wr - z-: HOU0 (0,0015)
- b 10.360 270 ()
< . TTTTET mg m
: = oG X * 2 ‘herersy iRintancx From
£ 2 Sout Te Warker's Nosel i e 3 . .
30 b Since the STEL {for ammonia is 37 mg m ', the packing in
T . . . . .
" i this salve doos Aptrequire upgrading, -
19 b Frampie Calcidation 4 — Mydrocarbon Mixture Evaporation
i - e ' from Out-of-Service Equipment
_ PP Sy g e “TAssume 3 pump containing | weight percent beszene in

99 weight pereent cyclohexane is withdrawn from service for
masateneace, Tae temperatlre of the pump is 305 K (90°F};
and the pump contents {200 midiiditers) are spilled on to the

FENIING TONCENTRATICN IN SYSLOMELANE BWTY)

Figure 7 — Thae sffec: of wind speed and avapotating higund
benzene congeniratign on (Me worker 2xposure CONCANIraLan

i D+
of benzana, pump pad
) PIMr o
" . . : W TS r 16
Similariothe abose sxampin. choose u == § meter s and x = { T .y (o
2 meters: For 1 weight perceat beazenethe moke-fractions arer————
§ G 1 RN
F] T o «}--?-:-—--——Q:-;—-— 115} - v\’\-ﬂuﬂ! DG
- [EI T, VI S
h " -\»}rl-.hata.‘s- T = Npeprene = 098G
' : . - .
e . == !'Q'm“?_ﬁ;” e e VThe matermi average molecular weight | My, the total
c e G - ST .

e @ prosyure B angd Tares © . L D . L

Tm Mg m
§ MiE QO g g moll ~ 0.959 (84 ¢ ¢ mol) = 84 gy mol

Since 1€ mg m' b adove the STEL for benzene, which

o : - o 3t 308 K. P e B 12 R P veirann = 8.2 kP
is 75 mg m’. the singie meshanical pump seal should be up- ! - ! ?

graded to 2 muliipie veni. Figures 8 yhow the aifeet of Pra B0 o172 — 0989 (182 = a2 AP0 10,18 aim}
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it the spill depth is spproximately | millimeter:

AW

Wem' —
ce=y/ o0t
Of =01 amy oo

}as g 8T meter
ti.ﬂllmt.l{:f P

Assume y = j rmtcr 5. Thgr\.{on:

o ({}‘f!i)(h'-%} oa o
W s Y f —wrm— - ey
9.4 s £4Y 025

' = 5387 » o \

LG Ryt g pib LT P
PR I

Conclusion
A rough calculation method exists to estimate the cxposure
of workers to material leaking from process eguipment. In

Tl BT e s:m&t system. ‘a computer calculation is

required to estimate the eqsal:brlum vapor corcentrations of
“flashing liquid contaminanis, An evaporation mode! and 3
dispersion model. both of which have a minimum of con- ~ -

firming data. are available for estimating exposures. How-
evpr-the compiete svstem, fe. from g leaking eguipment

. Py {18}

Mo Pin 0.98‘“9.181

netndnes b = {14949
e Fraehibesane L R il 1 R 11

= {00287 F A

Quanrene = HLOLH.28T)

Qﬂt‘}uiw-uni = !399)1923?-? = {’234 B
Lsing Equaiibn i

U Q

n 13
IR Y a3
H x = 3 meters:
HIDHOHA BOINT)

15“{1}

LYW = 54K mg m o

I T
LGN I54)

T————————“—- = 32 e m’
MY ETSSETT ¥

Yo vetibmm

Ninge the SUEL limits for benseny snd cvclohexance are 73
my omoand B0 mg mL respectively. the pump doos aot
TR Closed diuins and Hushing connections on this basis

o ; ource to a worker's nose, require more field data to insure
ana'};.(,,,,..n.. = AYES W i{} SLLXD LT T the d Cy o The emmaz:s. -
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APPENDIX B



ABRREVIATED AIRS DATA ENTRY SHEET

Name c¢f Facility: Northwest Feam Products, Ing.

RIRS/Permit #: 583-000€3

Permit Issue Date:

Scurce/Emissions Unit Name (25 spces) scc # .Mr rogram
(Please Use Name As Indicated In Permit) (8 digit #) {’“/ms/m)

AR eI Stk 10200603 Ber— S P
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